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(57) ABSTRACT 

Apparatus and methods for detecting analytes in a sample 
are provided. The apparatus can include: one or more 

channels having a detection Zone; one or more irradiation 
sources disposed for irradiating the detection Zone With 
radiation; a detector capable of collecting at least one charge 
corresponding to an emission beam emitted from the detec 
tion Zone, the detector having an output; and a time delay 
integration system coupled to the detector for e?cecting time 
delay integration of the at least one charge by accumulating 
the at least one charge before reading the at least one charge 
at the output of the detector. Various embodiments provide 
an apparatus With a multi-notch ?lter. Various embodiments 
provide a solid state laser, a micro-Wire laser, or an organic 
light-emitting diode as a irradiation source. 
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ELECTROPHORETIC SYSTEM WITH 
MULTI-NOTCH FILTER AND LASER EXCITATION 

SOURCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application No. 10/887,528, ?led Jul. 8, 2004, Which is a 
continuation-in-part of US. patent application Ser. No. 
10/205,028 ?led Jul. 25, 2002, Which claims a bene?t from 
US. Provisional Application No. 60/307,682 ?led Jul. 25, 
2001, and US. patent application Ser. No. 10/887,528 also 
claims bene?t under 35 U.S.C. Section 119(e) from earlier 
US. Provisional Patent Application No. 60/485,468, ?led 
Jul. 8,2003, and US. patent application Ser. No. 10/887,528 
also claims bene?t under 35 U.S.C. Section 119(e) from 
earlier US. Provisional Patent Application No. 60/486,112, 
?led Jul. 10, 2003, all of Which are incorporated herein in 
their entireties by reference. US. patent application Ser. No. 
10/805,096, ?led Mar. 19, 2004, to Reel et al. is also 
incorporated herein in its entirety by reference. 

FIELD 

[0002] The present teachings relate to electrophoretic 
detection systems and light ?lters and light sources for such 
systems. 

BACKGROUND 

[0003] Well-known examples of biopolymer analysis 
using DNA sequencing are taught, for example, in F. Sanger 
et al., DNA Sequencing with Chain Terminating Inhibitors, 
74 Proc. Nat. Acad. Sci. USA 5463 (1977); Lloyd M. Smith 
et al., Fluorescence detection in automated DNA sequence 
analysis, 321 Nature 674 (1986); and Lloyd M. Smith, The 
Future of DNA Sequencing, 262 Science 530 (1993). These 
and all other publications and patents cited herein are 
incorporated herein in their entireties by reference. 

[0004] An electrophoretic apparatus and method that 
includes a cost-effective and convenient source of irradiation 
and that does not compromise sensitivity or resolution 
Would be desirable, especially in multiple-channel electro 
phoretic systems used to increase throughput. 

SUMMARY 

[0005] According to various embodiments, an apparatus 
for detecting components, for example, analytes, in a sample 
is provided. The apparatus can include: one or more chan 
nels having a detection Zone; one or more irradiation sources 

disposed for irradiating the detection Zone With radiation; a 
detector capable of collecting at least one charge corre 
sponding to an emission beam emitted from the detection 
Zone, the detector having an output; a time delay integration 
system coupled to the detector for effecting time delay 
integration of the at least one charge by accumulating the at 
least one charge before reading the at least one charge at the 
output of the detector, and modulating optics including a 
multi-notch ?lter disposed along a beam path betWeen the 
one or more irradiation sources and the detection Zone 

and/ or betWeen the detection Zone and the detector. Methods 
of analysis using the apparatus are also provided. 

[0006] According to various embodiments, an apparatus 
for detecting components, for example, analytes, in a sample 
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is provided. The apparatus can include: one or more chan 
nels having a detection Zone; one or more irradiation sources 

disposed for irradiating the detection Zone With radiation, 
Wherein the one or more irradiation sources includes a solid 

state laser source, a micro-Wire laser source, or an organic 
light-emitting diode; a detector capable of collecting at least 
one charge corresponding to an emission beam emitted from 
the detection Zone, the detector having an output; and a time 
delay integration system coupled to the detector for effecting 
time delay integration of the at least one charge by accu 
mulating the at least one charge before reading the at least 
one charge at the output of the detector. Method of analysis 
using the apparatus are also provided. 

[0007] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only. The accompanying 
draWings, Which are incorporated in and constitute a part of 
this application, illustrate several exemplary embodiments 
and, together With the instant description, serve to explain 
the principles of the present teachings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] Various embodiments of the present teachings are 
exempli?ed in the accompanying draWings. The teachings 
are not limited to the embodiments depicted, and include 
equivalent structures and methods as set forth in the folloW 
ing description and knoWn to those of ordinary skill in the 
art. In the draWings: 

[0009] FIG. 1 is a schematic, side-elevational vieW of an 
electrophoresis arrangement shoWing a channel-de?ning 
member in cross-section, according to various embodi 
ments; 

[0010] FIG. 2 is a schematic vieW of an image produced 
on a detector array of a detector at a time t using the 
arrangement of FIG. 1; 

[0011] FIG. 3 is a vieW similar to FIG. 2 shoWing the 
image at a time t+At; 

[0012] FIG. 4 is a schematic, front-elevational vieW of an 
electrophoresis arrangement for the sequential use of mul 
tiple-color irradiation sources along With ?lters on a ?lter 
Wheel, according to various embodiments; 

[0013] FIG. 5a is a schematic, top-plan vieW of the 
arrangement of FIG. 4; 

[0014] FIG. 5b is a schematic, side-elevational vieW of the 
arrangement of FIG. 4; 

[0015] FIGS. 6a through 6e are respective schematic 
vieWs of images produced on the detector array of a detector, 
each image corresponding to light signals ?ltered through a 
respective ?lter on the ?lter Wheel of FIG. 4; 

[0016] FIG. 6f is a schematic representation of an elec 
tropherogram shoWing ?uorescence intensity curves for 
each ?lter of the ?lter Wheel in FIG. 4 during three signal 
readings by the detector; 

[0017] FIG. 6g is a schematic representation of the inten 
sity curves of FIG. 6f in aligned format for multicompo 
nenting; 
[0018] FIG. 6h is a schematic representation of multicom 
ponented intensity curves for ?ve different kinds of markers 
that can be used in the system of FIG. 4 based on the 
readings shoWn in FIG. 6]} 
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[0019] FIG. 61' is a graph of excitation ef?ciency versus 
Wavelength for four exemplary markers; 

[0020] FIG. 6j is a graph of ?uorescence intensity versus 
Wavelength for the exemplary markers of FIG. 61'; 

[0021] FIG. 7 is a top-plan, partially cross-sectional vieW, 
of an electrophoresis arrangement for the sequential use of 
multiple color irradiation sources along With ?lters on a ?lter 
Wheel and along With an offset system, according to various 
embodiments; 

[0022] FIG. 8 is a schematic vieW of an image produced 
on the detector array of a detector using the arrangement of 
FIG. 7; 

[0023] FIG. 9a is a graph of relative excitation intensity 
versus Wavelength for a pair of LEDs used in another 
embodiment, the LEDs can be of di?ferent colors and can be 
used to irradiate the detection Zone simultaneously; 

[0024] FIG. 9b is a graph shoWing percent transmission 
versus Wavelength for a conditioning ?lter used to condition 
the light from the LEDs of FIG. 9a; 

[0025] FIG. 90 is a graph shoWing percent transmission 
versus Wavelength for a bandpass ?lter used to ?lter light 
signals produced by markers excited by the light from the 
LEDs of FIG. 9a; 

[0026] FIG. 9d is a graph shoWing relative emission 
intensity versus Wavelength for the light ?ltered through the 
bandpass ?lter of FIG. 90; 

[0027] FIG. 10 is a schematic, top-plan vieW of an irra 
diation Zone shoWing three channels having been selectively 
masked to present respective WindoWs according to another 
embodiment; 

[0028] FIG. 11 is a schematic vieW of a detector array, the 
detector array having been separated into respective frames 
for use With light signals emitted from the respective Win 
doWs of the channels in FIG. 10; 

[0029] FIG. 12a is a partially cut aWay vieW of one of the 
frames of the detector array shoWn in FIG. 11; 

[0030] FIG. 12b is a graph shoWing percent integration per 
pixel throughout the Width of the frame as shoWn in FIG. 
12a; 

[0031] FIG. 13a is a schematic ofa portion of an electro 
phoresis arrangement shoWing electrostatic sorting of the 
components, according to various embodiments; 

[0032] FIG. 13b is a schematic ofa portion of an electro 
phoresis arrangement shoWing mechanical sorting of the 
components, according to various embodiments; and 

[0033] FIG. 130 is a schematic ofa portion of an electro 
phoresis arrangement shoWing sorting of the components 
into various channels of a multi-channel microcard, accord 
ing to various embodiments. 

[0034] FIG. 14 illustrates an exemplary embodiment of a 
light source layout, for example, an organic light emitting 
diode (OLED) layout With varying color OLEDs stacked 
upon each other. 

[0035] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
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are exemplary and explanatory only and are intended to 
provide a further explanation of the various embodiments of 
the present teachings. 

DESCRIPTION 

[0036] Exemplary analytes can include nucleic acids, both 
single and double stranded, proteins, carbohydrates, viruses, 
cells, organelles, organic polymers, particles, labeled media, 
labeled beads, and the like. The analytes can include bio 
molecules, for example, cells, proteins, DNA, RNA, poly 
nucleotides, polypeptides, polysaccharides, and small mol 
ecule analytes. According to various embodiments, the 
analyte can be a selected-sequence polynucleotide, and an 
analyte-speci?c reagent including a sequence-selective 
reagent for detecting the polynucleotide can be associated 
With the polynucleotide. Polynucleotide analytes can be 
detected by any suitable method, for example, polymerase 
chain reaction, ligase chain reaction, oligonucleotide liga 
tion assay, hybridiZation assay, antibody assay, a?inity 
assay, or streptavidin/biotin assay. 

[0037] The analytes of interest can be detected on the basis 
of an intrinsically detectable signal, or may be derivatiZed 
With a label Which confers a desired type of detectability. 
Various methods for labeling analytes With detectable moi 
eties are Well knoWn in the art, such as excitable reporters, 
radioactive isotopes, ?uorescent dyes, spin labels, chemilu 
minescent compounds and the like to stimulate detectable 
emission indicative of the nature of the analyte. When the 
analyte is a polynucleotide, labeling by hybridization With a 
labeled probe can also be used. The analyte can be labeled 
With a dye marker, a ?uorescing dye, a free-?oating dye, a 
reporter dye, a probe dye, an intercalating dye, a quantum 
dot, a molecular beacon, a linear probe, or a combination 
thereof. 

[0038] As used herein, the term “separation medium” or 
“separation matrix” refers to a medium in Which an elec 
trophoretic separation of sample components can take place. 
Separation media can include several components, at least 
one of Which can be a charge-carrying component, or 
electrolyte. The charge-carrying component can be part of a 
bulTer system for maintaining the separation medium at a 
de?ned pH. Media for separating polynucleotides, proteins, 
or other biomolecules can have di?ferent siZes but identical 
charge-frictional drag ratios in a free solution, further 
include a sieving component. Such sieving components can 
include a cross-linked polymer gel, for example, a cross 
linked polyacrylamide or agarose (Sambrook), or a polymer 
solution, such as, a solution of polyacrylamide, hydroxy 
ethyl cellulose, and the like (Grossman; Madabhushi). 

[0039] According to various embodiments, an apparatus is 
provided that includes a time-delay integration detection 
system and an optical pathWay that includes one or more 
multi-notch ?lters, for example, one or more Rugate ?lters. 
According to various embodiments, an apparatus is provided 
that includes a time-delay integration detection system and 
an excitation light source that includes one or more of an 

organic light-emitting diode, a microWave laser source, and 
a solid state laser source. 

[0040] According to various embodiments, a method for 
detecting components, for example, analytes, in a sample 
using at least one marker is provided. The method can 
include the steps of: providing one or more channels having 
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a detection Zone; providing migration medium Within the 
one or more channels; separating a sample containing ana 
lytes and disposed in contact With the migration medium 
into analyte bands migrating along the one or more channels, 
Wherein each analyte band is detectable by the presence of 
the at least one marker; irradiating the detection Zone using 
one or more irradiation sources disposed for irradiating the 
detection Zone With radiation so that the at least one marker 
is responsive to the radiation to produce emission beams 
indicative of corresponding analytes; detecting the emission 
beams on a detector to produce at least one charge on the 
detector corresponding to the emission beams; modulating 
or ?ltering light betWeen the one or more irradiation sources 
and detection Zone or betWeen the detection Zone and the 
detector Wherein modulating or ?ltering the light includes 
directing the light through a multi-notch ?lter; effecting a 
time delay integration of the at least one charge by accu 
mulating the at least one charge associated With at least one 
given analyte band during an integration time of the at least 
one given analyte before reading the at least one charge at 
the output of the detector; and reading the accumulated 
charges. For example, the multi-notch ?lter can be disposed 
along the excitation beam path, and a high pass ?lter can be 
disposed along the emission beam path. 
[0041] According to various embodiments, a method for 
detecting components, for example, analytes, in a sample 
using at least one marker is provided. The method can 
include the steps of: providing one or more channels having 
a detection Zone; providing migration medium Within the 
one or more channels; separating a sample containing ana 
lytes and disposed in contact With the migration medium 
into analyte bands migrating along the one or more channels, 
Wherein each analyte band is detectable by the presence of 
the at least one marker; irradiating the detection Zone using 
one or more irradiation sources disposed for irradiating the 
detection Zone With radiation so that the at least one marker 
is responsive to the radiation to produce emission beams 
indicative of corresponding analytes Wherein the one or 
more irradiation sources includes a solid state laser source, 

a micro-Wire laser source, or an organic light-emitting diode; 
detecting the emission beams on a detector to produce at 
least one charge on the detector corresponding to the emis 
sion beams; modulating light betWeen the one or more 
irradiation sources and the detection Zone and/or betWeen 
the detection Zone and the detector; effecting a time delay 
integration of the at least one charge by accumulating the at 
least one charge associated With at least one given analyte 
band during an integration time of the at least one given 
analyte before reading the at least one charge at the output 
of the detector; and reading the accumulated charges. 

[0042] According to various embodiments, an apparatus 
or method for detecting components, for example, analytes, 
in a sample is provided. The apparatus can include: one or 
more channels having a detection Zone; one or more irra 

diation sources disposed for irradiating the detection Zone 
With radiation to thereby excite markers responsive to the 
radiation causing the markers to emit light signals indicative 
of corresponding analytes; a detector array disposed for 
collecting the light signals emitted from markers in the 
detection Zone excited by the radiation and for producing 
charges corresponding to the light signals, Where the detec 
tor array can have an output; and a time-delay integration 
system coupled to the detector array for effecting time delay 
integration of the charges on the detector array correspond 
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ing to the light signals associated With at least one analyte 
band by accumulating the charges before reading the charges 
at the output of the detector array, the accumulation can be 
effected during an integration time of the at least one given 
analyte band moving across the detection Zone. Time delay 
integration can be effected by moving, relative to one 
another, the detector array and light signals from the detec 
tion Zone; the detector array and modulating optics; or the 
sample to be detected and the detection system, Wherein the 
detection system includes the detector array and one or more 
irradiation sources. 

[0043] The apparatus for detecting analytes in a sample 
can include a re-imaging lens disposed betWeen the detec 
tion Zone and the detector array for optically inverting an 
image produced by the light signals before the image can be 
collected by the detector array. The apparatus can include 
modulating optics for modulating light betWeen the irradia 
tion source and the detector array. 

[0044] According to various embodiments, the apparatus 
for detecting analytes in a sample can include a separating 
system coupled to the one or more channels for separating 
a sample containing analytes into analyte bands migrating 
along the one or more channels, Wherein each analyte band 
can be detected by the presence of a corresponding marker, 
and Wherein the sample containing analytes can be disposed 
in contact With a migration medium and disposed Within the 
one or more channels. 

[0045] According to various embodiments, the apparatus 
can include a sorting system for separating each detected 
analyte into a respective collection of analytes. The sorting 
system can include a motive force for directing the analyte 
to an analyte collector, Wherein the collector can be a dish, 
channel, capillary tube, beaker, or other device capable of 
retaining the analyte. The motive force can act on the 
analyte, on the collector, or both. The motive force can be an 
electro-kinetic force, a mechanical force, an electric ?eld 
gradient, a vacuum, or a combination thereof. 

[0046] According to various embodiments, an apparatus 
for detecting analytes in a sample can include: means 
de?ning one or more channels therein having a detection 
Zone; means for separating a sample containing analytes and 
disposed in contact With a migration medium disposed 
Within the one or more channels into analyte bands migrat 
ing along the one or more channels, Wherein each analyte 
band can be detectable by the presence of a marker; means 
for irradiating the detection Zone With radiation, that can 
thereby excite markers responsive to the radiation and that 
can emit light signals indicative of corresponding analytes; 
means for detecting the light signals by collecting the light 
signals that can thereby produce charges corresponding 
thereto; means for effecting a time delay integration of the 
light signals Within the detector array by, for example, 
accumulating Within the detector array the charges corre 
sponding to light signals associated With at least one given 
analyte band during an integration time of the at least one 
given analyte band moving across the detection Zone; and 
means for reading the accumulated charges The apparatus 
can also include means for sorting the detected analytes, a 
means for multi-notch ?ltering the non-coherent radiation, a 
means for multi-notch ?ltering emitted light, and/or an 
excitation source including one or more of a solid state laser 

source, a microWire laser source, and an organic light 
emitting diode. 
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[0047] According to various embodiments, an apparatus 
and method for sorting components, for example, analytes, 
in a sample is provided. The apparatus can include: one or 
more channels having a detection Zone; one or more irra 

diation sources disposed for irradiating the detection Zone 
With radiation; a detector array disposed for collecting light 
signals emitted from markers in the detection Zone excited 
by the radiation, Wherein the detector array can have an 
output; and a means for directing a detected component into 
one or more pathWays, for example, by electrokinetic move 
ment or mechanical movement of the detected component or 
of the pathWay for receiving the detected component. The 
apparatus can further include a system coupled to the 
detector array for effecting time delay integration of the 
charges on the detector array corresponding to the light 
signals by accumulating the charges before reading the 
charges at the output of the detector array. 

[0048] According to various embodiments, an apparatus 
for sorting analytes in a sample is provided. The apparatus 
can include a channel-de?ning member de?ning one or more 
channels therein having a detection Zone; and a separating 
system coupled to the one or more channels for separating 
a sample containing analytes into analyte bands migrating 
along the one or more channels, Wherein each analyte band 
can be detected by the presence of a corresponding marker, 
and Wherein the sample containing analyte can be disposed 
in contact With the migration medium and disposed Within 
the one or more channels. The apparatus can include one or 

more irradiation sources for providing excitation radiation 
and disposed for irradiating the detection Zone of the one or 
more channels to thereby excite markers responsive to the 
radiation, causing them to emit light signals indicative of 
corresponding analytes; a detector array disposed for col 
lecting the light signals produced by the markers and for 
producing charges corresponding to the light signals, Where 
the detector array can have an output; modulating optics for 
modulating light betWeen the irradiation source and the 
detection Zone and/or betWeen the detection Zone and the 
detector array; and a means of sorting the detected analytes 
into various pathWays, for example, by electrokinetic force 
or mechanical force. According to various embodiments, the 
apparatus can include a time delay integration system for 
effecting, Within the detector array, an accumulation of 
charges corresponding to light signals associated With at 
least one given analyte band before reading accumulated 
charges at the output of the detector array, the accumulation 
can be effected during integration time of the at least one 
given analyte band moving across the detection Zone. The 
apparatus can include a re-imaging optical system disposed 
betWeen the detection Zone and the detector array for opti 
cally inverting an image produced by the light signals before 
the image can be collected by the detector array. The 
modulating optics can include one or more multi-notch 
?lters, for example, one or more Rugate ?lters. 

[0049] A method for detecting analytes in a sample can 
include: providing a channel-de?ning member de?ning one 
or more channels therein having a detection Zone; providing 
migration medium Within the one or more channels; sepa 
rating a sample containing analytes and disposed in contact 
With the migration medium into analyte bands migrating 
along the one or more channels, Wherein each analyte band 
can be detected by the presence of a marker; irradiating the 
detection Zone using one or more irradiation sources pro 

viding radiation that can thereby excite markers responsive 
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to the radiation and that can emit light signals indicative of 
corresponding analytes; detecting the light signals produced 
by the markers by, for example, collecting the light signals 
on a detector array to produce charges on the detector array 
corresponding to the light signals; modulating light betWeen 
the one or more irradiation sources and the detection Zone 

and/or betWeen the detection Zone and the detector array; 
effecting a time delay integration of the light signals Within 
the detector array by, for example, accumulating the charges 
Within the detector array corresponding to light signals 
associated With at least one given analyte band during an 
integration time of the at least one given analyte band 
moving across the detection Zone; reading the accumulated 
charges; and sorting a detected analyte by, for example, 
electrokinetic or mechanical sorting into a pathWay. 

[0050] FIG. 1 shoWs an exemplary embodiment of an 
electrophoresis device. As depicted in FIG. 1, the arrange 
ment can include a channel-de?ning member 10 de?ning a 
channel 12 therein for the migration of an analyte sample. 
The channel-de?ning member 10 can include a cover plate 
With or Without grooves, an etched plate de?ning one or 
more capillary siZed grooves therein, or one or more capil 
lary tubes. According to various embodiments, the channel 
de?ning member can be an etched plate having a plurality of 
channels or grooves, or the channel-de?ning member can 
include a plurality of capillary tubes. The use of a plurality 
of channels can alloW a large number of analyte samples to 
be measured simultaneously in order to increase throughput. 
As is Well known, for electrophoresis to occur, opposing 
ends of channel-de?ning member 10, such as an electro 
phoretic plate or capillary tube, can be placed in contact With 
corresponding electrodes connected to a poWer supply for 
generating an electric ?eld across the plate or tube. This ?eld 
can cause the analyte to migrate from a loading site (not 
shoWn) for the plate or tube arrangement of the channel 
de?ning member 10, toWard a detection site or detection 
Zone 14. The detection Zone can encompass that Zone on the 

channel that is irradiated by an irradiation source to excite 
markers, such as dye markers, used to label analytes in the 
sample. 

[0051] An example of a marker compound can be a dye 
marker. Any suitable marker, such as, for example, a ?uo 
rophore, can be used. Fluorophores useful according to 
various embodiments can include those that can be coupled 
to organic molecules, particularly proteins and nucleic acids, 
and that can emit a detectable amount of radiation or light 
signal in response to excitation by an available excitation 
source. Suitable markers can encompass materials having 
?uorescent, phosphorescent, and/or other electromagnetic 
radiation emissions. Irradiation of the markers can cause 
them to emit light at varying frequencies depending on the 
type of marker used. 

[0052] One class of markers provides signals for the 
detection of labeled extension and ampli?cation products by 
?uorescence, chemiluminescence, or electrochemical lumi 
nescence (Kricka, L. in Nonisolopic DNA Probe Techniques, 
Academic Press, San Diego, pp. 3-28 (1992)). Chemilumi 
nescent labels can include 1,2-dioxetane compounds (U.S. 
Pat. No. 4,931,223; and Bronstein, Anal. Biochemistry 
219:169-81 (1994)). Fluorescent dyes useful for labeling 
probes, primers, and nucleotide 5'-triphosphates include 
?uoresceins, rhodamines (US. Pat. Nos. 5,366,860; 5,936, 
087; and 6,051,719), cyanines (Kubista, WO 97/45539), and 



US 2008/0043235 A1 

metal porphyrin complexes (Stanton, WO 88/04777). Fluo 
rescent reporter dyes include xanthene compounds such as 
?uoresceins I and rhodamines II: 
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[0053] The ring positions of I and II above can be substi 
tuted. The amino R groups of II can be substituted. The 
sub stituents can include covalent attachments to the primers, 
probes, or nucleotides. Examples of formulae I and II 
include Wherein X can be phenyl substituted With carboxyl, 
chloro, and other groups, for example, as described in Us. 
Pat. Nos. 5,847,162; 6,025,505; 5,674,442; 5,188,934; 
5,885,778; 6,008,379; 6,020,481; and 5,936,087, Which are 
incorporated herein in their entireties by reference, and 
Wherein X can be hydrogen, for example, as described in 
Us. Pat. No. 6,051,719, Which is incorporated herein in its 
entirety by reference. 

[0054] According to various embodiments, an optical 
instrument can be provided that includes a light source 
arranged to emit an excitation Wavelength or Wavelength 
range toWard a region capable of retaining a sample, such 
that a ?uorescent dye, if present in the region, can be caused 
to ?uoresce. The light source can provide excitation Wave 
length ranges that correspond to respective excitation Wave 
length ranges of a plurality of ?uorescent dyes. A detector 
capable of detecting an emission Wavelength emitted from a 
?uorescing dye can be used to determine the absence or 
presence of a component associated With the dye. For 
example, the dyes can include intercalating dyes, reporter 
dyes, free-?oating dyes, and the like. 

[0055] According to various embodiments, PCR dyes can 
be used that only ?uoresce When bound to a target molecule. 
Nucleic acid sequence ampli?cation dyes can also be 
attached to probes that also are connected to quenchers, and 
the action of nucleic acid sequence ampli?cation enzymes 
Will disassemble the dye-probe-quencher molecule causing 
the dye to increase its ?uorescence. According to various 
embodiments, nucleic acid sequence ampli?cation can be 
performed using a variety of methods, for example, poly 
merase chain reaction (PCR), isothermal ampli?cation reac 
tion, Well knoWn in the art. When a PCR procedure is used, 
for example, the number of unquenched dye molecules 
doubles With every thermal cycle. Fluorescing dyes are Well 
knoWn in the art, and any of a plurality of ?uorescent dyes 
having various excitation Wavelengths can be used. 
Examples of such dyes include, but are not limited to, 
Rhodamine, Fluoroscein, dye derivatives of Rhodamine, dye 
derivatives of Fluoroscein, S-FAMTM, 6-carboxy?uorescein 
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(6-FAMTM), VICTM, hexachloro-?uorescein (HEXTM), tetra 
chloro-?uorescein (TETTM), ROXTM, and TAMRATM. Dyes 
or other identi?ers that can be used include, but are not 
limited to, ?uorophores and phosphorescent dyes. Dyes can 
be used in combinations of tWo, three, four, or more dyes per 
sample. According to various embodiments, the family of 
S-FAMTM’ 6-FAMTM, VICTM, TETTM, and/or ROXTM dyes 
can be used to indicate the presence of sample components. 

[0056] According to various embodiments, various detect 
able markers can be used, in addition or in alternate, to dyes. 
Markers can include, for example, ?uorescing dyes, free 
?oating dyes, reporter dyes, probe dyes, intercalating dyes, 
and molecular beacons. Dyes that ?uoresce When integrated 
into DNA can be intercalating dyes. Other dyes knoWn as 
“reporter” dyes can attached to the ends of “probes” that 
have “quenchers” on the other end. A nucleic acid sequence 
ampli?cation reaction, for example, PCR, can result in the 
disassembly of the Dye-Probe-Quencher molecule, so the 
reporter dye can emit an increased amount of ?uorescence. 
Reporter dyes are not attached in any Way to the sample. 
Free ?oating dyes can be ?oating freely in solution. Other 
?uorescing markers Well knoW in the art can be utiliZed. 
According to various embodiments, molecular beacons can 
be single-stranded molecules With hairpins that preferen 
tially hybridize With an ampli?ed target to unfold. According 
to various embodiments, quantum dots can be used as 
markers also. 

[0057] In the embodiment shoWn in FIG. 1, an irradiation 
source is provided that emits excitation light in a given 
frequency range, such as, for example, a light emitting diode 
(LED) 16. It can be to be noted that, in the instant descrip 
tion, the source of light can be any of a variety of light 
sources. According to various embodiments, the light can 
have a frequency of about 660 nm or loWer. The irradiation 
source can be, for example, an LED, an organic LED, a 
non-coherent light source as knoWn to those skilled in the 
art, a solid state laser, a microWire laser, or a combination 
thereof. As used herein, the terms “irradiation source,”“light 
source,”“excitation source,”“LED,” or the like can include 
single or multiple sources of irradiation, including LED 
?ood light arrays. As used herein, “LED” can refer to an 
LED, an OLED, or multiplicities thereof. Further, according 
to various embodiments, the “LED” in can include coherent 
irradiation sources, for example, a solid state laser or a 
micro-Wire laser. 

[0058] According to various embodiments, the light from 
the LED can be modulated by an excitation modulating 
optics system before reaching the detector Zone 14. The 
excitation modulating optics system can include, as shoWn, 
a conditioning ?lter 18, the role of Which can be to substan 
tially block predetermined ranges of Wavelengths of light 
emitted by the LED. The predetermined ranges can corre 
spond to Wavelengths of light that can overlap With the 
emission spectra of the markers being used. According to 
various embodiments, the conditioning ?lter can let through 
only light in the Wavelength range of the excitation light of 
one or more of the markers. Any given LED can emit 
excitation light in a spectral range. The range of Wavelengths 
of the excitation light in turn can excite markers to emit light 
signals Within a given spectral range in the detection Zone. 
For the detection of light signals from the detection Zone, 
that portion of the excitation light that Would be in the same 
Wavelength range as some or all of the light signals emitted 
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from the detection Zone can be blocked. The light passing 
through the conditioning ?lter 18 is conditioned light 20, as 
seen in FIG. 1. 

[0059] The excitation modulating optics system can fur 
ther include a focusing optical system 19. The conditioned 
light 20 can be focused by focusing optical system 19 to 
irradiate the analyte sample and corresponding markers in 
the detection Zone 14. The thus irradiated marker or markers 
can turn emit light signals, such as through ?uorescence, at 
frequencies speci?c to the irradiated marker, so as to present 
a peak intensity. For example, a dye excited by yelloW light 
can have a ?uorescence emission peak intensity at 610 nm 
corresponding to the orange portion of the spectrum. A peak 
intensity of about 460 nm can be associated With the blue 
portion of the spectrum, and a peak intensity of about 660 
nm can be associated With the red portion of the spectrum. 
By Way of example, ROX, a knoWn dye marker, can be best 
excited at 590 nm. ROX can be excited by an LED emitting 
radiation at 590 nm. 

[0060] The device of FIG. 1 can include a collection 
modulating optics system that can include a collimating 
optical system 24, a Wide bandpass ?lter 26, a transmission 
grating 28, and a re-imaging optical system 30. Emitted light 
22 from the detection Zone 14, and, in addition, conditioned 
light 20 passing through the detection Zone 14, can be 
collimated by a ?rst optical component or system 24. The 
light from the detection Zone can include the emitted light 22 
and a portion of the conditioned light 20 passing through the 
detection Zone. Alternatively, the excitation light can be 
brought in at an angle With respect to the detection Zone such 
that most of the conditioned light passing through the 
detection Zone is not collected by the collimating optical 
system 24. This reduces the excitation light that might be 
rejected. However, such an alternative arrangement also 
decreases the level of excitation light that hits the detection 
Zone 14. It can be, nevertheless, possible to establish a 
compromise betWeen irradiation angle and level of excita 
tion light, as readily recogniZable by those skilled in the art. 

[0061] The light 20 and 22 from the detection Zone 14 can 
be collimated by collimating optical system 24. What is 
meant in the context of various embodiments by collimation 
is any reduction in the propagation angle of the light being 
collimated. According to various embodiments, the reduc 
tion in the propagation angle of the light being collimated 
can result in a propagation angle betWeen about 20 degrees 
and about 0 degrees. 

[0062] According to various embodiments, a long pass 
?lter, or, in the alternative, a Wide bandpass ?lter 26, can be 
used for letting through, substantially exclusively, predeter 
mined Wavelengths of light from the detection Zone corre 
sponding to a portion of Wavelengths of the light signals 
emitted by an associated marker. The portion of the Wave 
lengths of the light signals can include, for example, all of 
the light signals, or it can include, for each marker, a range 
of Wavelengths of the light signals, such as a range of 
Wavelengths about the peak intensity of the light signals. As 
an example, a Wide bandpass ?lter can block Wavelengths of 
light outside of the range of from about 500 nm to about 700 
nm, thereby letting through only light that corresponds very 
speci?cally to the light emitted by the markers, that is, 
corresponding to emitted light 22. Thereafter, emitted light 
22 can be spectrally distributed by a transmission grating 28 
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and refocused by re-imaging optical system 30 onto an array 
34 of solid-state detectors, or detector array 34. The exci 
tation modulating optics system and the collection modu 
lating optics system are hereinafter collectively referred to 
as “the modulating optics system” or “modulating optics.” 
According to various embodiments, the array of solid-state 
detectors can include the photo-detecting surface of the 
parallel register of a charge-coupled device (CCD) 32. As 
shoWn in FIG. 1, the image produced by refocusing emitted 
light 22 can be projected onto the detector array 34 of the 
CCD, producing a pattern of charge in proportion to the total 
integrated ?ux incident on each pixel of the parallel register, 
as is Well knoWn in the art. 

[0063] According to various embodiments, at least one of 
the excitation beam pathWay and the emission beam path 
Way can pass through a lens system. The lens system can 
include a ball lens, for example. The modulating optics 
system can include the lens system. For example, the 
excitation beam pathWay and/ or the emission beam pathWay 
can pass through a lens system as described in Us. patent 
application Ser. No. 10/805,096, ?led Mar. 19, 2004, Which 
is incorporated herein in its entirety by reference. The 
modulating optics system can include or be separate from a 
lens system as described in Us. patent application Ser. No. 
10/805,096. 

[0064] Referring additionally noW to FIGS. 2 and 3, an 
image produced by moving analyte bands can be recorded 
by the photo-detecting surface of CCD 32 (FIG. 1) at times 
t (FIG. 2) and t+At (FIG. 3). The photo-detecting surface 36 
can be part of the tWo dimensional detector array 34 shoWn 
in FIG. 1. Photo-detecting surface 36 can include a spectral 
axis as indicated by arrow 7» on the ?gure, and a spatial axis 
along Which the analyte bands move, as indicated by arroW 
M, in FIGS. 2 and 3. As further seen in FIG. 2, an image 
created by the light signals emitted by excited markers can 
produce, for example, tWo bands 38 and 40 on photo 
detecting surface 36, for example, substantially in the red 
and blue regions of the spectrum, respectively. Each band 
can correspond to a marker used to label, for example, a 
predetermined type of analyte. The bands can be spectrally 
distributed along the spectral axis by transmission grating 28 
as shoWn in FIG. 1. At time t, as shoWn in FIG. 2, the charges 
produced on surface 36 can present tWo respective peaks 46 
and 48 on intensity pro?le 45. These peaks can correspond 
to bands 38 and 40, respectively. As seen in FIG. 3, at time 
t+At, both bands 38 and 40 can have moved doWnWard along 
the direction of migration M on the photo-detecting surface 
36. Serial register 42 of the CCD 32 (FIG. 1) collects the 
charges accumulated for each analyte band during its inte 
gration time. All signals received from the detector can be 
converted from analog to digital, and conveyed to a serial 
port for transmission to a multipurpose computer for storage 
and/or for further processing and analysis. The analog output 
can alternatively or additionally be sent directly to an output 
device for display or printing, or used for other purposes. 

[0065] According to various embodiments, for example, 
as shoWn in the embodiment above, collection of the image 
can be performed using time delay integration (TDI). In the 
CCD, the photo generated charge in the photoactive elements 
or pixels can be transferred toWard the serial register 42 one 
roW at a time. The charge information in the serial roW can 
be read by using a corresponding single on-chip ampli?er or 
readout register 44 of the CCD. By Way of example, for a 
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256x256 element CCD, each time a single imaging area (one 
roW) is transferred to the serial register 42, 256 readouts of 
the thus transferred area are performed, each readout corre 
sponding to a different spectral element or pixel in the roW. 
The above process continues until all 256 pixels in all 256 
roWs have been read. 

[0066] Under a normal read-out approach, the motion of 
the images on the detector array 34 produces a blur. In TDI, 
according to various embodiments, the shutter can be elimi 
nated. The shifting of roWs of the CCD can be synchronized 
to the migration of the band of analyte in the channel. Thus, 
as an analyte band enters the excitation Zone of the LED 

(detection Zone 14), the light signals emitted therefrom can 
be collected and can illuminate the ?rst roW of the CCD, and 
the corresponding charge information can be read using the 
ampli?er or readout register 44 of the CCD. The band takes 
a period of time, Atp, to migrate in the channel so that its 
corresponding image migrates to the next roW of the CCD, 
one roW closer to the serial register. After this time period, 
the charge on the CCD can be shifted one roW closer to the 
serial register, such that the ?uorescence from the analyte 
corresponds to the same charge information on the CCD. 
Therefore, distinct from the physical roWs of the CCD, there 
exists in TDI according to various embodiments a continu 
ously moving roW of accumulating photogenerated charge. 
An example of TDI in a capillary electrophoresis system 
using laser-induced ?uorescence is disclosed in Us. Pat. 
No. 5,141,609 to SWeedler et al., and in J. F. SWeedler et al., 
Fluorescence Detection in Capillary Zone Electrophoresis 
Using a Charge-Coupled Device with lime Delayed Inte 
gration, Anal. Chem. 63, 496-502 (1991), the contents of 
both of Which are incorporated herein in their entireties by 
reference. 

[0067] According to various embodiments, the effective 
integration time for a given analyte band can vary from 
application to application. The effective integration time of 
a given analyte band can correspond to a time Where the 
portion of the Wavelengths of the light signals in the analyte 
band being integrated moves across tWo pixels on the 
detector array, or to the entire time the portion of the 
Wavelengths of the light signals in the analyte band being 
integrated is in the detection Zone, or to any time therebe 
tWeen. In addition, the portion of the Wavelengths of the 
light signals in the analyte band being integrated can, 
according to various embodiments, include (1) a range of 
Wavelengths about a peak intensity of the light signals; (2) 
a range of Wavelengths including all Wavelengths of the light 
signals; or (3) a range of Wavelengths anyWhere betWeen (1) 
and (2) above. By Way of example, the integration time can 
include a time it Would take for the detector to integrate a 
range of Wavelengths of the analyte band corresponding to 
a full Width of an intensity curve of the light signals in the 
analyte band at half of the peak or maximum intensity of the 
intensity curve, or “full Width at half max” of the intensity 
curve. The portion of the Wavelengths of the light signals in 
the analyte band being integrated can depend on the number 
of different colors being integrated, and on hoW Well the 
colors are separated from one another in the emission 
spectra. As a general rule, the better separated the colors in 
the emission spectra, the Wider the portion of the Wave 
lengths of the light signals, and, hence, the longer the 
effective integration time. 
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[0068] According to various embodiments, the use of TDI 
in collecting data points addresses the problem of loWered 
irradiance When using irradiation sources emitting non 
coherent light, such as LEDs. The irradiance, that is, photons 
emitted per millimeters squared, can be typically about a 
thousand times loWer in LEDs When compared With the 
irradiance of lasers. According to various embodiments, TDI 
addresses the problem of loWered irradiance by alloWing a 
longer period of time for the integration of signals from 
excited markers. According to various embodiments, a broad 
detection Zone can be used for TDI. In a non-TDI detection 
system, the detection Zone can be typically about one tenth 
of a millimeter squared. When using TDI according to 
various embodiments, the detection Zone for one channel 
can be one hundred times larger, that is, about one millimeter 
squared, alloWing a relatively larger number of markers to 
be excited and a larger number of data points to be integrated 
into a detector. The various embodiments described herein 
can be equally applicable in instances Where a plurality of 
channels are present, the detection Zones of each of the 
respective channels being adapted to be irradiated by one or 
more irradiation sources emitting light. 

[0069] For the purpose of accumulating charges to effect 
TDI, instead of shifting the charges on the CCD as a function 
of the migration of the analyte bands, according to various 
embodiments, the CCD itself and/or the image itself, that is, 
the light signals from the detection Zone, can be moved as 
a function of migration of the analyte bands. The result of 
such movement of the CCD and/or image can be the tracking 
of each analyte band by a continuously moving roW of 
accumulating photogenerated charge on the CCD during the 
effective integration time of the analyte band. By Way of 
example, to accomplish the desired result mentioned above, 
appropriate motors, gearing, belt drives, control units and 
poWer supplies can be used. For example, a linear actuator 
can be used to translate the re-imaging optical system 30 
and/or the CCD itself to minimiZe blurring. This can make 
the image stationary on the CCD throughout the integration 
time. 

[0070] According to various embodiments, the CCD can 
be a frame transfer CCD. A frame transfer CCD has a 
parallel register that can include tWo CCD registers arranged 
in tandem. The CCD register, or storage array adjacent to the 
serial register, can be covered With an opaque mask and can 
provide temporary storage for charges during readout. The 
other CCD register, or image array, identical in capacity to 
the storage array, can be used for imaging. After the image 
array is exposed to light, the resulting charges can be rapidly 
shifted in the parallel register up to the storage array for 
subsequent readout. This shift operation typically takes a 
millisecond. While the masked storage array is being read, 
the image array can integrate charge from the next image. 
See Charge-Coupled Devices for Quantitative Electronic 
Imaging, Photometrics Ltd. (1992), the content of Which is 
incorporated herein in its entirety by reference. 

[0071] To e?cect TDI, according to various embodiments, 
the modulating optics as de?ned herein can be moved 
relative to a channel-de?ning member. For example, over a 
given detection Zone, the modulating optics can be moved 
along the detection Zone at substantially the same speed as 
the analyte for detection moves along the detection Zone in 
the channel-de?ning member. In this manner, the marker of 
a component of the analyte band can be repeatedly imaged 
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on the same portion of the detector, for example, a CCD, 
over the integration time. Alternately, the channel-de?ning 
member can be moved at the same speed but in an opposite 
direction from the movement of the analyte along the 
channel-de?ning member. Movement of the channel-de?n 
ing member opposite the movement of the analyte to be 
detected can give the appearance of the analyte remaining 
stationary. Movement of the channel-de?ning member 
opposite the direction of movement of the analyte, in com 
bination With movement of the modulating optics opposite 
the direction of movement of the analyte to be detected, can 
be used in combination in order to accumulate data on all 
analytes in the channel-de?ning member. 

[0072] Referring noW to FIGS. 4, 5a, and 5b, and accord 
ing to various embodiments, instead of one irradiation 
source, a plurality of irradiation sources can be provided to 
excite marker compounds in a sample. In the embodiment 
shoWn in FIGS. 4, 5a, and 5b, the irradiation sources can 
include four LEDs 50, 52, 54 and 56. The LEDs can be 
positioned so as to irradiate channel-de?ning member 58, 
Which can de?ne tWo channels in the form of, for example, 
tWo capillary tubes, as shoWn in FIG. 5b. Each LED can emit 
non-coherent light in a predetermined range of Wavelengths. 
For example, LED 50 and LED 52 can emit substantially 
blue light, LED 54 can emit substantially green light, and 
LED 56 can emit substantially yelloW light. As the above 
example shoWs, multiple LEDs can be used to increase the 
available light. For example, if LEDs 50 and 52 emit blue 
light, they can be used simultaneously, either continuously 
or in a pulsed fashion, in this Way increasing the amount of 
available blue light to obtain a proportional response in the 
associated markers. Although each type of marker used can 
ideally be excited by a different Wavelength, LEDs of the 
optimum Wavelength and poWer level for excitation of a 
given marker may not be available for each given applica 
tion. Thus, different markers can be excited by the same 
LED, according to various embodiments. 

[0073] According to various embodiments, the modulat 
ing optics according depicted in FIGS. 4, 5a, and 5b, can be 
comparable to the modulating optics in the embodiment 
shoWn in FIG. 1, With like components having been labeled 
With like reference numerals. Thus, for each irradiation 
source, a conditioning ?lter 18 and a focusing optical system 
19 are provided, it being understood that the respective 
conditioning ?lters and focusing system for the respective 
irradiation sources are not, hoWever, necessarily identical 
merely by virtue of the fact that they have been labeled With 
like reference numerals. As previously noted With respect to 
FIG. 1, the function of each conditioning ?lter 18 can be to 
let through only light in the Wavelength range of excitation 
light for one or more of the markers. The conditioning ?lters 
18 each can substantially block predetermined ranges of 
Wavelengths of light emitted by the corresponding LED. The 
predetermined ranges correspond to Wavelengths of light 
that can overlap With the emission spectra of the markers 
being excited by the corresponding LED. Each focusing 
optical system 19 can focus the conditioned light from the 
conditioning ?lter onto the detection Zone 14. As shoWn, for 
example, in FIGS. 4, 5a, and 5b, the detection Zone 14 can 
correspond to a respective detection Zone for each of the 
shoWn capillary tubes. Excited markers in detection Zone 14 
can emit light signals in the form of emitted light 22. The 
light from the detection Zone can include the emitted light 
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22, and, in addition, a portion of the conditioned light 20 
passing through the detection Zone. 

[0074] According to various embodiments, the light 20/22 
from the detection Zone can be collimated by collimating 
optical system 24, as shoWn, for example, in FIG. 5a. The 
collimated light can be passed through a corresponding 
bandpass ?lter 51 on ?lter Wheel 60 as shoWn in broken lines 
in FIGS. 5a and 5b. It can be noted that the bandpass ?lters 
51, 53, 55, 57, and PD, in FIGS. 5a and 5b have been shoWn 
in broken lines because, in those ?gures, the depiction of the 
?lter Wheel 60 is not cross-sectional, but rather represents 
plan vieWs thereof. 

[0075] Referring to FIG. 4, the ?lter Wheel 60 is shoWn in 
more detail, and includes a plurality of bandpass ?lters 51, 
53, 55, 57, and FD. Each of the bandpass ?lters can be 
adapted to let through, substantially exclusively, predeter 
mined Wavelengths of light from the detection Zone corre 
sponding to a portion of the Wavelengths of the light signals 
emitted by an associated marker. According to various 
embodiments, there can be a bandpass ?lter provided for 
each associated marker. The portion of the Wavelengths of 
the light signals alloWed through a respective bandpass ?lter 
can include all of the light signals emitted by an associated 
marker, or it can include a range of Wavelengths about the 
peak intensity of the light signals emitted by the associated 
marker. For example, the range of Wavelengths about the 
peak intensity of emitted light signals can be betWeen about 
5% and about 20% of Wavelengths on each side of the peak 
intensity for a given marker, or it can include the range of 
Wavelengths at about half of the peak intensity, full Width at 
half max. For example, as shoWn in FIGS. 4, 5a, and 5b, 
bandpass ?lter 51 can be adapted to ?lter therethrough light 
signals emitted by given markers responsive to LED 50. In 
FIGS. 5a and 5b, the apparatus can be depicted in a mode 
Where LED 50 can irradiate the detection Zone 14. HoWever, 
any ofthe shoWn LEDs 50, 52, 54, and 56, can be selectively 
used to irradiate the detection Zone 14, or the detection Zone 
14 can be irradiated by more than one LED. The ?lter Wheel 
60 can be actuated by a ?lter Wheel mechanism 62, as shoWn 
in FIG. 5a. The ?lter Wheel mechanism 62 can control the 
?lter Wheel to selectively position, in the path of the colli 
mated light, the bandpass ?lter corresponding to the marker 
excited by the active LED, that is, by the LED being used to 
irradiate the detection Zone. Filter Wheel mechanism 62 can 
be controlled by a microprocessor or other similar device 
(not shoWn) as knoWn to those skilled in the art. The ?ltered 
light can be focused by a re-imaging optical system 30 onto 
an array 34 of solid-state detectors, or detector array 34, for 
example, the photo-detecting surface of the parallel register 
of a charge-coupled device, for example, CCD 32. Accord 
ing to various embodiments, a single LED can be used to 
excite all markers, or multiple LEDs can be used With one 
LED exciting each respective marker, or multiple LEDs can 
be used to excite a marker, or combinations thereof. The 
selection and number of bandpass ?lters for use can be a 
function of the markers themselves, the number of LEDs, or 
other factors as knoWs to those skilled in the art. 

[0076] According to various embodiments, and as shoWn 
in FIG. 4, the ?lter Wheel can include a ?lter FD thereon, 
adapted to let through only light signals generated by a ?fth 
marker. Four markers can be used to label the moving 
analytes Where the analytes are DNA fragments, each 
marker corresponding to a given one of the bases in a DNA 
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chain, that is, purines A (adenine) and G (guanine), and 
pyrimidines C (cytosine) and T (thymine). According to 
various embodiments, a ?fth marker can, for example, be 
used for fragment analysis of the analytes. The ?fth marker 
can be any marker, such as a dye marker, for doing fragment 
analysis as knoWn to those skilled in the art. It is to be noted 
that, according to various embodiments, the number of 
markers that can be used are not limited to four or ?ve as 
stated in the above example, but are rather limited only by 
the number of dyes available on the market and responsive 
to the irradiation source or sources being used based on 
application needs. Fragment analysis can be accomplished 
using, for example, the GENESCAN® Analysis softWare 
produced by Applied Biosystems, Inc., Foster City, Calif. 
The GENESCAN® Analysis softWare calculates the siZe of 
the unknown analytes by generating a calibration or siZing 
curve based upon the migration times of the analytes in a 
standard that have been labeled With a marker. The unknoWn 
analytes can be mapped onto the curve and converted from 
migration times to siZes. In the case of the embodiment 
shoWn in FIG. 4, the ?fth marker ?lter FD on ?lter Wheel 60 
can let through light signals corresponding to markers used 
to label analytes in the standard. These markers can be 
excitable by at least one of the irradiation sources 50, 52, 54, 
and 56, appropriately mounted to alloW fragment analysis. 
[0077] FIGS. 6a through 6e depict images on the detector 
array 34 of CCD 32 shoWn in the embodiment of FIGS. 4, 
5a, and 5b, Wherein the images can be produced by moving 
analyte bands. Exemplary images are shoWn for exemplary 
markers that can be used to label the analytes, and that can 
be responsive to excitation by a given one of the irradiation 
sources 50, 52, 54, and 56. Each frame of photo-detecting 
surface 36 shoWn in FIGS. 6a through 6e depicts tWo lanes 
of analyte bands, each lane corresponding to one of the tWo 
capillaries of channel-de?ning member 58. The bands move 
along the direction of migration M. The bands are shoWn in 
each of FIGS. 6a through 6e as being limited in the spectral 
direction because the light recovered from the markers has 
been ?ltered through a corresponding bandpass ?lter 51, 53, 
55, 57, or FD. At the right of each frame is an intensity 
pro?le 45 corresponding to charges on the right lane of 
photo-detecting surface 36, Which corresponds to a capillary 
of channel-de?ning member 58. 

[0078] According to various embodiments, the intensity 
pro?les can be aligned and combined according to knoWn 
methods. The intensity pro?les can be multicomponented in 
order to account for any spectral overlap. As described With 
regard to the embodiment of FIG. 1, the serial register of the 
CCD 32 in the embodiments depicted in FIGS. 4, 5a, and 5b, 
collects the charges accumulated for each analyte band 
during its integration time. All signals received from the 
detector can be converted from analog to digital and con 
veyed to a serial port for transmission to a multipurpose 
computer for storage, further processing, and analysis. Alter 
natively or additionally, the analog output can be sent 
directly to an output device for display or printing. By Way 
of example, a multipurpose computer can be used to perform 
the multicomponenting process. Multicomponenting is a 
process that is knoWn to those skilled in the art, and can 
involve a spectral calibration Within a multicomponenting 
softWare program. The spectral calibration can be obtained 
through a predetermined signature matrix corresponding to 
each marker. Each signature matrix can provide a signature 
snapshot of the intensity of light signals from a given marker 
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as a function of the Wavelengths of those light signals. By 
virtue of the signature matrices, a combination of intensity 
curves for a given Wavelength band emitted from the detec 
tion Zone can be broken doWn into its components corre 
sponding to light signals emitted by individual ones of the 
markers. In this Way, a relatively accurate assessment of the 
light signals corresponding to respective ones of the markers 
can be made for the detection process. 

[0079] According to various embodiments, the apparatus 
as shoWn, for example, in FIGS. 4, 5a, and 5b, can irradiate 
detection Zone 14 by irradiating each respective one of the 
irradiation sources 50, 52, 54, and 56, in sequence. The ?lter 
Wheel can be adjusted to dispose a bandpass ?lter 51, 53, 55, 
57, or FD, corresponding to the marker being used before 
collimating optical system 24. The detection Zone can be 
irradiated for the duration of the integration time, during 
Which the analyte bands move across the detection Zone. 

During the integration time, the charges generated by the 
light signals from the markers to be detected can be moved 
along a parallel register in the direction of migration. The 
charges can be accumulated in the detector or CCD 32 
before they are read. Thereafter, the process can be repeated 
until all of the irradiation sources have irradiated the detec 
tion Zone, and until all ?lters, including ?lter FD, have been 
positioned before the collimating lens to ?lter the light 
therefrom. Detector 32 can be a frame transfer CCD, 
Wherein each frame of the CCD upon Which charges have 
been accumulated can be transferred to a storage array, 
making the image array available for the next series of 
charge accumulations produced by the next respective one 
of the irradiation sources being used. 

[0080] The above process can be repeated in cycles as 
many times as necessary in order to obtain sufficient data 
regarding each analyte being detected. FeWer cycles can 
result in an increase in signal, because feWer cycles mean 
longer integration times, and therefore increased readout 
signals over the noise typically associated With a CCD. On 
the other hand, increasing the number of cycles can improve 
the dynamic range of the system. The dynamic range of the 
system is de?ned as the largest peak signal that can be read 
by a given CCD (or “full Well capacity”) over the smallest 
peak that can be read by the CCD just above the noise level. 
A CCD typically has a given full Well capacity. If a peak 
signal is above the full Well capacity of a CCD, it Will be off 
the scale of the CCD. Short integration times alloW peak 
signals to be generally attenuated so as to reduce the 
possibility of saturating the CCD With off-scale signals, that 
is, With signals that go beyond the CCDs full Well capacity. 
By using more cycles, analyte concentrations can be 
increased While still alloWing the CCD to reliably detect 
signal levels Without saturation. According to various 
embodiments, there is a trade-off betWeen using feWer 
cycles at a longer integration time such as, for example, 5 
seconds, and using more cycles at a shorter integration time 
such as, for example, 1 second. Longer integration times are 
useful Where the noise level is relatively high and the 
sensitivity of the system needs to be increased because of the 
noise level. In systems Where the noise level is relatively 
loW, shorter integration times alloW multiple reads of signals 
from the same marker, and the read signals can be multi 
componented, alloWing the detection of brighter peaks With 
out going off the scale of the CCD. 
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[0081] By Way of example, a frame transfer CCD can 
collect light signals corresponding to a blue marker during 
integration time t While an LED exciting primarily the blue 
marker irradiates the detection Zone. Thereafter, the entire 
CCD is read out. A ?lter Wheel can be moved to position a 
bandpass ?lter associated With a green marker before a 
collimating optical system, and an LED exciting primarily 
the green marker can irradiate the detection Zone. The CCD 
can collect the light signals corresponding to the green 
marker during integration time t. The entire CCD is then 
read out. The ?lter Wheel can be moved to position a 
bandpass ?lter associated With a yelloW marker before a 
collimating optical system, and an LED exciting primarily 
the yelloW marker can irradiate the detection Zone. The CCD 
then collects the light signals corresponding to the yelloW 
marker during integration time t, and the entire CCD is 
thereafter read out. The above process can be repeated for all 
?ve markers, for example, as shoWn in FIGS. 4, 5a, and 5b. 
The process can be repeated a number of times equal to the 
number of markers. According to various embodiments, one 
or both of the LED and bandpass ?lter can be changed 
betWeen CCD readouts. As suggested in the above example, 
the image of the analyte band can take about ?ve times the 
integration time to travel from the top of the frame transfer 
CCD to the bottom thereof, that is, to the readout register. 
Each readout of the CCD can correspond to one marker. All 
of the readouts can be aligned and combined in a knoWn 
manner for multicomponenting. 

[0082] An example of multicomponenting is shoWn in 
FIGS. 6f through 6h. For purposes of FIGS. 6f through 6h, 
the ?lters 51, 53, 55, 57, and FD, are presumed to pass 
Wavelengths of light in the blue, green, yelloW, red and 
“?fth” portions of the spectrum, respectively. The “?fth” 
portion can, for example, be in the orange range of the 
spectrum. FIG. 6f is a schematic representation of an elec 
tropherogram shoWing ?uorescence intensity curves during 
three readings of the signals by detector 32, Wherein each 
curve corresponds to light passed through a respective ?lter 
of the ?lter Wheel in FIG. 4. The intensity curves correspond 
to a reading of light signals emitted from an analyte labeled 
With a marker, for example, FAM, a dye marker that emits 
light signals mostly in blue. The ?rst portion of each curve, 
draWn in solid lines, corresponds to a reading from the 
respective blue ?lter, green ?lter, yelloW ?lter, red ?lter, or 
?fth ?lter of FIG. 4 during a ?rst integration time t. The 
second portion of each curve, draWn in broken lines, corre 
sponds to a reading from the respective ?lter during a second 
integration time t. The third portion of each curve, draWn in 
solid lines, corresponds to a reading from the respective 
?lter during a third integration time t. In FIG. 6f the 
horizontal axis corresponds to distance traveled by the 
analyte, and the vertical axis corresponds, for each ?lter, to 
the ?uorescence intensity of light emerging from that ?lter. 
Thus, the ?rst set of curves in solid lines represents intensity 
curves for light passing through each ?lter during a ?rst 
cycle of the ?lter Wheel 60. The second set of curves in 
broken lines represents intensity curves for light passing 
through each ?lter during a second cycle of the ?lter Wheel 
60. The third set of curves in solid lines represents intensity 
curves for light passing through each ?lter during a third 
cycle of the ?lter Wheel 60. As seen in FIG. 6]; the light from 
the blue ?lter exhibits the most intensity during each cycle, 
the intensity decreasing as light is collected from the green 
?lter, the yelloW ?lter, the red ?lter and the ?fth ?lter, 
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respectively. As seen in the instant example, therefore, 
spectral overlap causes FAM to emit mostly in blue, some in 
green, less in yelloW, etc. As ?lter Wheel 60 is rotated Within 
each cycle, to place a subsequent ?lter in the path of 
?uorescence from the detection Zone 14, the analyte moves 
a distance x as marked on FIG. 6f 

[0083] FIG. 6g is a schematic representation of the inten 
sity curves of FIG. 6f in an aligned format for multicom 
ponenting. Each intensity curve other than the one corre 
sponding to blue light can be shifted by a multiple of x, x 
being a function of the ?lter to be aligned With the intensity 
curve corresponding to blue light. After being aligned, the 
intensity curves are combined and multicomponented, yield 
ing the intensity curve for FAM shoWn in FIG. 6h. To the 
extent that only FAM is being detected in the example of 
FIGS. 6f through 6h, the intensity curves for marker dyes 
JOE, TAMRA, ROX, and the ?fth dye, are shoWn as ?at in 
FIG. 6h. 

[0084] FIGS. 61' and 6j demonstrate representative excita 
tion e?iciency curves and ?uorescence intensity curves, 
respectively, plotted versus Wavelength for four different 
dye markers that can be used in oligosynthesis, namely, 
5-FAM, JOE, TAMRA, and ROX. These dye markers are 
exemplary of those that can be used in various embodiments 
Where a plurality of dye markers are to be used, such as With 
systems shoWn in FIGS. 4, 5a, 5b, and 7. 

[0085] In FIG. 61', the x-axis corresponds to Wavelengths, 
expressed in nanometers (nm), emitted by an irradiation 
source. The y-axis corresponds to the percentage of excita 
tion e?iciency. As shoWn in FIG. 61', 5-FAM has a maximum 
absorbance, corresponding to its peak percent excitation 
e?iciency, at about 490 nm. When maximum absorbance of 
a dye marker occurs at a given Wavelength, it indicates that 
the dye marker ?uoresces at its peak ?uorescence intensity 
When it is irradiated at that given Wavelength. As further 
shoWn in FIG. 61', JOE has a maximum absorbance at about 
526 nm, TAMRA has a maximum absorbance at about 560 
nm, and ROX has a maximum absorbance at about 588 nm. 
FIG. 61' also shoWs that, When a dye marker, such as 5-FAM, 
is irradiated at its maximum absorbance Wavelength, other 
dye markers, such as, for example, JOE, TAMRA, and ROX, 
do exhibit some absorbance, although to a lesser extent than 
5-FAM. Any irradiation source, for example, an LED, can be 
used to emit the Wavelengths indicated on the x-axis. 

[0086] In FIG. 6j, the x-axis corresponds to Wavelengths 
of ?uorescent light, expressed in nm, emitted by excited dye 
markers. The y-axis corresponds to the percentage of ?uo 
rescence intensity. As seen in FIG. 6j, 5-FAM has a peak 
?uorescence intensity at about 522 nm, JOE has a peak 
?uorescence intensity at about 554 nm, TAMRA has a peak 
?uorescence intensity at about 582 nm, and ROX has a peak 
?uorescence at about 608 nm. The Wavelengths on the x-axis 
are those that can be emitted by the four mentioned dye 
markers. FIG. 6j shoWs that Where a dye marker, such as 
TAMRA, ?uoresces at its peak ?uorescence intensity, other 
dye makers, such as 5-FAM, JOE, and ROX, also ?uoresce, 
although at lesser ?uorescence intensities than TAMRA. 

[0087] When different light Wavelength sources are used, 
each dye marker in the detection Zone can be excited 
e?iciently, and in a Way that alloWs detection by its unique 
spectral signature. When tWo dye markers exhibit ?uores 
cence intensity peaks that are close together, for example, 
























